Introduction: Atrial fibrillation is the most common arrhythmia with significant morbidity and mortality. Radiofrequency (RF) ablation, despite its shortcomings, remain an acceptable and 'simple' technique.
INtRODUCtION
Atrial fibrillation (AF) is the most common cardiac arrhythmia with an overall prevalence of 0.4%.1,2 This prevalence doubles every decade after 55 years of age, 3 which becomes even more significant in our ageing population. AF is well associated with increased morbidity and mortality, as a result of compromised cardiac function and thromboembolic complications. Stroke in patients with AF averages five per cent per year, two to seven folds greater than in patients without AF 4 and stroke doubles mortality rate. 5 Bi-atrial maze procedure incorporating pulmonary vein isolation has emerged as a viable treatment for AF. This is made possible by advances in energy sources. 6 We started our radiofrequency (RF) Maze programme in 2001 using the unipolar device. Concerns about the transmurality of the ablation lines led to the introduction of the irrigated bipolar device in 2003. We review our midterm results comparing the outcomes of unipolar radiofrequency (Unipolar-RF) versus the combined Uni/Bipolar-RF approach.
PAtIeNtS AND MethODS
This study was approved by the Singapore General Hospital Institutional Review Board. Between May 2001 and May 2006, 137 consecutive patients with heart disease underwent cardiac operations with concomitant irrigated radiofrequency modified maze procedure. Patients' average age was 58.3±11.5 years (range, 23-88 years), with 75 male patients (54.7%). Table 1 summarises the baseline patient characteristics. Thirteen patients (9.5%) were not on anti-arrhythmic medication preoperatively. The mean follow-up duration was 3.11±1.72 years (range, 0.01-6.06).
Surgical Procedure
The indications for surgery were non-rheumatic mitral valve diseases including degenerative leaflet prolapse (n=65), rheumatic mitral valve disease (n=56), ischaemic heart disease (n=8), congenital heart disease (n=7) and prosthetic valve dysfunction due to acute thrombosis (n=1). Five redo-sternotomies (3.6%) were performed: three for open mitral valvotomy for rheumatic stenosis, one mechanical mitral valve replacement, and one mitral valve repair for mitral leaflet prolapse.
All patients underwent cardiopulmonary bypass with standard aortic and bicaval cannulations. The right atrial ablation was performed on the beating heart, while the left atrial ablation was performed after aortic cross clamp and cardioplegic arrest. Temporary epicardial pacing (Medtronic 5388 Dual Chamber Temporary Pacemaker, Medtronic Inc) via right atrial (RA) and ventricular (RV) wires are routinely placed.
Unipolar RF Ablation Procedure
Sixty-five patients underwent bi-atrial endocardial monopolar RF ablation using the saline irrigated hand-held probe (Cardioblate Surgical Ablation Pen, Medtronic Inc, Minneapolis, MN) at 350 kHz (Cardioblate Surgical Ablation Generator, Medtronic Inc). The left-atrial maze comprised separate isolation of the right and left pulmonary veins with an intervening ablation line, and a line towards the mitral annulus (Fig. 1A) . The left atrial appendage (LAA) is routinely obliterated. 
Combined Unipolar and Bipolar RF Ablation Procedure
The bipolar-RF device (Cardioplate BP or Cardioblate BP2, Medtronic Inc) consists of 5 cm and 7 cm malleable saline irrigated electrodes with hemostat-type jaw closure allowing for the clamping of atrial tissue. Lesion sets isolated both right and left pulmonary veins, reducing the number of atrial incision to one in each atrium ( Fig.   1B ). Seventy-two patients underwent the combined Uni/Bipolar-RF ablation. Within this group, the pulmonary veins in 30 patients were all isolated in a 'single-box' configuration while the 'double-box' isolation was used in 42 patients (Fig. 1C ). The LAA was routinely obliterated.
Perioperative Management
Fifty-eight Unipolar-RF patients (89.2%) and
66 Uni/Bipolar-RF (91.7%) patients were on anti-arrhythmic therapy preoperatively. The proportions are not significantly different between both groups (P=0.63). All preoperative antiarrhythmic medication was continued. Table 2 shows comparable baseline characteristics of both groups of patients. Postoperative monitoring is routinely conducted in the cardiothoracic intensive 
Follow-Up
Patients were reviewed regularly at one, three, six, 12, 18 months and two years, then annually at the outpatient clinic with 12-lead electrocardiogram (ECG). Anti-arrhythmic and anti-coagulation medications were regularly reviewed and tapered based on ECG/24-hour Holter documentation of freedom from AF and echocardiographic evidence of atrial transport.
Statistical Analysis
Baseline and postoperative characteristics between Uni and the combined Uni/Bipolar-RF were compared using two sample t-test for continuous variables, and chi-square or Fisher's exact test for categorical variables. AF-free survival curves were constructed using the Kaplan-Meier method. Statistical analysis was performed using SPSS 16.0, with P value <0.05 deemed statistically significant.
ReSULtS
Sixty-five patients underwent Unipolar-RF and 72 underwent Uni/Bipolar-RF Maze. Table 2 shows that most characteristics are comparable, except for length of stay and pulmonary vein lesion-set. Patients in the Unipolar group tend to have longer hospital stay (P value <0.0001), with the mean difference of 6.9 days (95% CI, 4.25-9.55).
The average aortic cross clamp and cardio pulmonary bypass time were 83±25 minutes and 134±44 minutes, respectively. The mean ablation time for Unipolar-RF was 15±3 minutes, compared to 7±2 minutes for the combined Uni/ Bipolar-RF approach.
Freedom from AF
The median follow-up was 3.21 years (0.01-6.06 years). Fifteen (10.9%) patients were lost to follow-up. Figure 2 and Table 3 summarises the overall results. Patients who required permanent pacemaker implantation but are free from AF, successfully DC-cardioverted or catheter ablated post-RF Maze were included as 'free from AF' .
The difference in freedom from AF was not statistically significant at one week (P=0.085), and between one and three months post-intervention. Freedom from AF in the Uni/Bipolar-RF group at six months however was higher, 85.1% (57/67) compared to 65% (39/60) in the Unipolar-RF group (P=0.012). The combined Uni/Bipolar group remained consistently superior compared to the Unipolar group thereafter, with 76.7% to 83.1% freedom from AF compared to 68.6% to 77.1% (P not significant). One patient in the Uni/ Bipolar group had a permanent pacemaker before the operation.
Left Atrial Size
The left atrial (LA) size was measured as the distance between the midpoint of the mitral annulus and the posterior wall (4-chamber view 
Mortality
Eight patients died in the study period: three with AF and five AF-free. The mean survival for patients AF-free at last follow-up is 5.73 years (95% CI, 5.48-5.98), while for those remaining in AF is 5.58 years (95% CI, 5.07-6.10). There was no survival difference between patients undergoing Uni or combined Uni/Bipolar-RF Maze (Log rank test, P=0.412).
In-hospital mortality
Four in-hospital mortalities (2.9%) occurred: two in the Unipolar-RF group; one died from multi-organ failure on the seventh postoperative day despite biventricular assist device and another from right ventricular failure with acute renal failure on the fifth day. The other two deaths in the Uni/Bipolar-RF group: both redo sternotomies complicated by sepsis and pneumonia, with deaths on the eighth and 20 th postoperative day, respectively.
Late Mortality
All four late mortalities were in sinus rhythm, three had undergone Unipolar-RF and suffered from haemorrhagic stroke, large granular cell leukaemia and neurological injury following ventricular tachycardia, respectively. The single late mortality in the Uni/Bipolar-RF group was a 90-year-old who presented two years following successful mitral valve repair with thoracic aortic aneurysm, complicated by acute renal failure postendovascular stenting. 
Fig. 2. Freedom from AF (Unipolar vs Uni/Bipolar RF Maze

Perioperative Morbidity
There were no complications related to collateral damage to adjacent structures by the RF Maze procedure. Postoperative stroke occurred in four of 64 (6.25%) Unipolar-RF patients, and two of 72 (2.8%) Uni/Bipolar-RF patients (P=0.42).
In the former, one of two haemorrhagic stroke patients died, while both patients in the later cohort had non-fatal ischaemic events. Five late morbidities occurred: Two underwent re-operation with valve replacement for haemolysis secondary to failure of mitral valve repair, and three sustained non-haemorrhagic stroke, of which two were in sinus rhythm.
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Permanent Pacemaker Implantation
Five patients required permanent pacemaker implantation in each of both groups: 7.7% in Unipolar-RF, and 6.9% in Uni/Bipolar-RF group during follow-up.
DC Cardioversion
Thirteen patients from the Unipolar-RF group required DC cardioversion; five were successful. Four of five patients from the Uni/Bipolar-RF group were successful.
RF Catheter Ablation
RF catheter ablation was performed for persistent atrial flutter post-maze procedure in two patients: One from each group with success.
DISCUSSION
We chose the Unipolar-RF approach because it was the earliest devices available commercially. However, unreliable lesion transmurality was its achilles heel. The advent of the bipolar probe meant that transmurality is ensured in 95% of ablation lines. This difference may explain the improved outcome at six months post-procedure. We continued to use the Unipolar pen for the coronary sinus, and the mitral as well as tricuspid annulus lines to avoid thermal injury to the coronary arteries.
Our modified lesion set in the Uni/Bipolar-RF cohort reduced the number of ablation lines and atrial incisions (corresponding to the right and left atriotomies). This reduced ablation time by more than eight minutes and also reduced operative time. This study continues to reaffirm LA enlargement (greater than 7.6 cm in our cohort) as a risk factor for procedural failure (OR 0.44, 95% CI, 0.19-1.00, P=0.049). Interestingly we found that hypertensive patients tend to have lower probability of being AF-free on follow-up (P=0.009, OR 0.13 with 95%CI, Table 4 . Literature Review of Outcomes Following Bipolar Irrigated Radiofrequency MAZE
No Year
There were several limitations in this study. Firstly, our patients were heterogenous, including paroxysmal AF and AF of duration less than one year. The actual AF duration obtained from patients' history may be underestimated. Secondly, followup varied as we started using the Uni/Bipolar-RF device two years after the Unipolar device. Finally, ad hoc echocardiogram assessment of atrial transport post-procedure is far from ideal, as evidenced by the occurence of a case of bioprosthetic valve thrombosis following successful RF Maze. 7
CONCLUSION
Concomitant radiofrequency ablation during cardiac surgery is feasible with 70% to 90% success 8, 9, 10 albeit less compared to the classical cut-and-sew maze with 80% to 90% rate. 11, 12, 13 The combined Uni/bipolar-RF modified bi-atrial Maze technique is simple to use, safe and superior to isolated Unipolar-RF ablation. Our results continue to support its use with early to midterm results from recently published series reporting 57% to 93% freedom from AF [14] [15] [16] [17] [18] [19] [20] (Table 4 ). Its long-term durability however remains to be elucidated.
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